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Introduction
The ionosphere, the region of the atmosphere between 50 and 1000 km height approximately
containing the most part of its free electrons, has an important effect on Global Navigation
Satellite System (GNSS), like the Global Positioning System (GPS) signals. It mainly consists on
an advance (i.e. shortening) the carrier phase and a reduction of the group velocity (i.e.
pseudorange increase). The effect ranges from few to hundreds of meters, and it is
proportional to the line-of-sight integrated electron density of free electrons, and inversely
proportional to the squared frequency. As consequence, the top-rank receivers (like the ones
deployed worldwide within the International GNSS Service, IGS) provide dual-frequency GNSS
measurements, in order to cancel out or, (more interesting for this work) to isolate the
ionospheric delay variation with more than 99.9% of precision. In this way the GNSS system
becomes a global ionospheric sensor (or "ionoscope"), at different scales. On the one hand
GNSS allows the ionospheric sensing at relatively large temporal (900-7200 sec) and spatial
(hundreds of kilometers) scales, such as for the Global Ionospheric Maps -GIMs- of Vertical
Total Electron Content, continuously generated in the frame of IGS since 1998. On the other
hand, at short temporal and spatial scales (~few hundreds of seconds and tens of km,
respectively), dual frequency GNSS measurements enable modeling ionospheric effects like
like the frequent and season- and local-time- dependent Medium Scale Travelling Ionospheric
Disturbances (MSTIDs).
TOMION: Computation of global VTEC maps 
The TOmographic Model of the IONospheric electron content (TOMION) is fed with global GPS data
in order to compute in real time, among others, UPC global VTEC maps.
Fig. 1. Layout summarizing the global VTEC computation from ground GPS data by means of the UPC
TOMION software, including the main tomographic equation solved for (data: ionospheric combination
of carrier phases LI , and length intersection within each voxel, ∆li; unknowns: its ambiguity BI, the STEC,
S, which includes the mean electron density within each given voxel, Ne,i).
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A recent period, one year from day of year 183, 2014 to 183, 2015, has been analyzed to show the performance of the most recent UPC products: real time global ionospheric maps (labelled URTG)
and global ionospheric maps at 15 minutes time resolution (UQRG). The products shown as reference are the combined and UPC Final IGS products (IGSG and UPCG, respectively). The results have
been compared with two independent data sources: JASON-2 altimeter data and direct ∆STEC measurements from independent stations not used as input for the URTG maps.
JASON-2 observations provide direct and independent VTEC measurements over the seas in spite they are affected by an small positive offset of few TECU with respect to the IGS products
([Azpilicueta et al. (2008) and Hernandez-Pajares (2004)]) which does not compromise its usage for assessment. GPS VTEC observations for receiver-satellite pairs include the small plasmaspheric
contribution, in contrast to the case of JASON-2 that orbits at an altitude of ∼= 1300km. In addition, this is a pessimistic scenario because JASON-2 direct measurements are compared with
interpolated values at the same exact location derived from the nearby grid points of the VTEC map being validated. And it is likely that even the VTEC at these grid points had to be interpolated
from insufficient real data due to the lack of permanent GNSS stations over the oceans.
The ∆STEC consists in, for a fixed receiver and for all the satellites in view from the considered receiver, calculate the difference of the slant TEC for every observation with the observation at the
maximum elevation of the satellite (Figure 3). Plotting then this result with respect to the one obtained from the GIM allows us to assess the quality of both the VTEC and the mapping function of
the model (Figure 4). It is important to use a receiver independent of the GIM computation.
Performance comparison with JASON-2 and dSTEC
As expected (due to the lower number of real-time stations) the performance of URTG is usually worse than the other products evaluated, both in terms of standard deviation (peak
value of 13.4 in front of 8.7 for IGSG) and bias (peak value of 2.2 in front of -5.2, but we need to take into account that a small JASON-2 VTEC excess has been reported).
The performance of the URTG product is much better in regions, like Europe, where a high coverage of GNSS stations is present. In this case we can see that, at certain intervals, the
quality of the URTG product is similar to the post-processed ones. Therefore we expect that increasing the number of available data streams and the spatial distribution of them, we could
provide GIMs with similar accuracy to the other products. But instead of with latencies of several days, as for the final products, we will do it with latencies of 15 minutes.
In this sense, to achieve the lowest possible latency, the number of data streams needs to be as low as possible to keep the computation chain stability. But, as seen before, to do so
without reducing the precision of the model, the data streams needs to be dynamically selected taking into account the latency, reliability and spatial distribution of all the entire data
stream set. Therefore, we are currently working in improving the data stream selection algorithm keeping in mind this goal.
It is also to notice that the UQRG product has a slightly better performance than UPCG and IGSG, but with a latency of one day as well as an increased time resolution..
Also, the team is working to generate the output IONEX files with a more accurate two layers format, making available to any user the original two-layer computation performed by UPC
to build their GIMs [Hernández-Pajares et al. (1999)] since the beginning at 1998 , instead of the currently one layer format, common to all IGS Ionosphere Associate Analysis Centers.
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Fig. 2. From left to right: standard deviation and relative RMS error for the European region; bias, standard deviation and relative RMS error for the entire world.  
Fig. 3. ∆STEC layout
Fig. 4. Plot of the model’s obtained ∆STEC (from left to right: IGSG, UPCG, UQRG and URTG) vs the observed for the Zimmerwald IGS receiver (Switzerland)
Conclusions and next steps
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